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(54)Tltle: SOI SUBSTRATE AND METHOD FOR MANUFACTURING THE SAME 



(57) Abstract 

A high-quality SOI substrate having excellent electrical characteristics and a 
method for manufacturing the same on which an LSI can be fabricated with improved 
yield. An SOI substrate where a buried oxide layer is formed on a silicon single 
crystal substrate and an SOI layer for device formation is formed on the buried oxide 
layer is characterized in that the density of pit-like defects in the SOI layer is lower 
than 5 cm-^ or the density of pin-hole defects in the buried layer is below 1/cm^. 
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. 1 

m m m 

5 Sir^S 

izi/Vziym (i:XT. S 0 I (Silicon-on-insulator)® i: r 5) 

bfe s o I mmRxj^^(Dmit:^mizm-r 

O 

10 nmt^m 

I&mt L/T(i> ftS -^tJ-a-'i? xy^ h S I MO X(Separation by impla 
ated oxygen) -i? sj^^^tt^^ t. bT^ ^tiT §o M K) -^t) r> /a {i, 

;^ >>£#A 5IM§fTt>nST::^-;i/4Zfl.Sl::<J: oT c:ne>K^^ 

20 Cin e) S O I S 0 I ji{c?T$^^nfeM O S F E T (Metal-oxide 

-semiconductor field effect trans istor){±> iS V^^[I^I^S®lt^^ i: 

-mmm'&^fi^t :Lt\::.mA.Xs "fn-i xcDWmih 

mti-^o Z<Dtzib. S 0 I ^^gJiJ^Jltt'ftMO S - L S I 

(1) MO S - L S I CD&:^mmmmX'&^MO S F E T ^-h 
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2 



ifiX'^rj: <ti:^. ^{.X. L S l ±i^t ^ lEnti^mmi^UX fSt < tj: 

So «a)^c. Mos-Lsi izmm^tih^mi!^mm(D§'omt ur{i> 

^(D^mi$-&m±izm^^tir:iMo s f e t©^- hmitmommt^. 

3 ^ ^ — ^-oX'ifiotitz ^ "7 :J^^^^Z^\,^X^■±. 

«FiJ^{^C O P (Crystal Originated Particle)?^: JfOD. ^^^m^iz^ 

10 <D & s - g r oyfniKm<Dm&.^^m^'^x. ^-hm^mo^B^^ 

#feo b]?PL^C*se>. S O I Slg±OM O S F E TOD'y- h^-rbMaSflE 
15 ^'^it^ ^^miZ^i.^xmMf^ + '^^lZtj::^ tlX Ztj:ip-orztzl!h. m^it 
M it ffi ^ ^ ^ i£ M ^ -fr 5. i?) © a S eSc ^ O ^ m >P + ^ T' 25 o o 

MO S - L S I S O I SUkCISs LSlMatX 

20 ^fc{iJ^^«T-<7)^^a£DJ^Hi:'5:5 J:^ :kPI§;t^^ c i: ^) ^» ^) ti S o 
(2) S O I »^±{c:fti^bfcMO S - L S I {i. ^<Dv^)^^ 

<D^^t4*^''^7 oT4-^^^g^ t) T'Si^T- § C ilJbS^ 
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:feV^T(is fi?iJx.i^COP (Crystal Originated particle) 13:1^0. 
SWfiKNf C^gp«g{c^A^ n S a s - g r o w n^5iP(§As#^^ -r S d 
ne)©:>:Pi§ttL 0 C O S (Local Oxidation of Silicon) 

So Z<Dtzisb^ ^ ^ — "t? Cti e CD a s - g r o w n ^ijRS^^gS 

So 

) s o I »^s^3o^^T^i. ^ti^xmsb7h^mtm(Dmss.^^. 5SD^ 

+ ^ {d ^ d ^ -5 o 

15 

( 1 ) S O im^^rn'miiimizmmfpiz^tEl^Xi^^Tca. s - g r o wn 

20 {cBV>;^bfeo 

(2) ^fc. S 0 I ^3gJF$figJitHufc:^S4'{C?^:& bTV^fc a s - g r 
own;^PIg#f, SI MOXmo^m-^it^iX^ntzmmyay T-^ JHz^ 

^•a-S c ^{c J: t) , g^^Stjtz SOI aa^iciJlt SJlto3i5^^^Yb^{3:Ji;Pig 
25 ^^b^-^5dJi^. ie^{i|lrfe{cmv>;/^bfeo 
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mmmtf>^^mitm±izy'j^^xmmm(DS o i s o i' 

mh-rs s o I : 

(a) HulBS O.I Ji(D^Hcfc t) j^^^ns h^^mcD^^t^ 5 c 

10 ^-e^Ss ^ii^-e^5o 

fflv^-t s o imm^m^-r z a t^mmt-r s o i : 
(a) so im^^m^^-r ^(oizmt>^m^(D^mmmi^ i x i o« 

^{C:fcV>Ts Bg^^T- 0 . 1 umL:i±(Dni-( ]^Rn/^r:iliC OP 



J 



( 1 ) b- >y h^t^^Pi - 
:^mmiz^% S 0 I A4R:fectDf S I UO X^miz.MO S - L S I §?g 
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SOI *^<&^ffl-r 2) c J; oTs cLti ^ ^— hm<hm<Dm&'^^^ 

«i^JT- 1 s J: ^ tc^ 2,0 MO s - L s I i^it-e^jffi^ti2> 'J V 

miz^-ox. SO I stcf^ f>nfc7^/w c: aiijjs^a 

mmmxs o i mt^^mi^x^^^ a tiz x-dx. ^cnzif^ti^iiirx 

J; S ^^^^ ^JP^IT- # 5 o 

«?>Jx.«. ffljt bfe S O I bT^ SIM0X"i7xy\<£MV^Si:tx 

dti^OS IMOXe^ic/N^^ST-^^^n-S t -y h^^m^^(^M^^ 

x/N^';b-r A(d;^®T-ii^^n5 t: y h^^mo:>mmt^ 10-2 
0 M c m "^ 0 t) > 

^ x7N^;i/-rB t: h«^Pll0^g[*i 1 ~ 5 fi c m"^ T- D s 
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s I M 0 X X /\(DS 0 im^(D±m t: h t^^PiSfi^t^si^^^c j: 

o•r^filJ^bfc*^^ «?<Jx{^ A F M(Atomic Force Microscope)^ if© ^® 
5 it^o 

)t^^SI^^^T'^^ bfe±MO -y h<^:XPll{is -mm 1-1 0 //mO 

" htt^Pig©?Bt^{ix u zi >#,^^®®^^^^•^^Ms^^^(- 

10 S I MOX >^7 x/^K:^ h^^bMm 2 5 0 nmT- 1 mm" 

<3!)y- hm^iS^ MO S^J^-T^t-K^fflf^lca 9 0^<tfi£bfeo 
^-f. Clti,e.MOS^^;r-K®y- h^ibMc^ T Z D B (Time Zero D 
ielectronic Breakdown ) ^i^ ^ ^ » TZDB^J^{i> ^—hi^M^ 

15 m{3)5; S h 8MV/cmUjL±-^feSMOS;5'*-Y2h — K ^ci^i^ 

3l/^^;l/-7•A^3Jl■r -5 s I MO X ^ ji^\±izm^^ntzMO s ^ 

rB^'<tt;^ctc®-r-s s i MOX'>x/^±(^)MO s^*-r Ho^ 
20 ^^{iv^-rn^b 9 5 %Ji>i±-C'feo fco 

SIMOX-^oiMtzMOS-LS I ^m^Ttmiz, M^cOy'f^^ 7. 

(D^um^^i^+^^zmu^ fi. mu^ ii % -L s i (dMj^^^®^^ 

<* MO S ^*^^- H-r'©±ai®i^JSW£E^p^*/5)^* 9 0 % 

25 J:t5C CMf -S S I M 0 X a^M±{zM O S - L S I <£?f^fi£-rn{ix iiS 



J 
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5 -HilTT'S) S S O I S^StcMO S - L S I ^{tfi5c-rn(i. iS^g^o-e 

-i? :ll/^^;l/-rB:feJ:t;f CCD S I M O X '!7 i7\±{zff$fife^nfeM 0 s 
i5^^ Ktt. T Z D Bfpffi®m5S^A-'V^^tisfe 9 5%hi,^omiff^i^ 

, 10 Cti^ ® M O S ^r-r pT— T D D B (Time Dependent Dielectronic B 
reMovn)!l^i^(Dmm^n-DX^ ^Icttitbfco TDD B^{i.t lyXi±. 

MO s ^'-r h'(D^- hmitmcD v - ^ mm.mif-^iztj:^ j:'^ {zy 

15 CJlfSSIMOX'!? i:y\±tcBfie^nfeM 0 Sy-f:^-— KCDTDDB 

TDD Bmi^t^^"^ @tiT «i7 :cyNTM 0 s - L s I ^mmi^tzm- 

TVN So #{3, LSI CD^ilfflM 0 S F E T fflM^^-fblK® ^/^i^ 

20 tt*^<t < 3& S c: i: A^'^^tiTVN So UfcA^'oTx >> ^ — r C cD S 

IMOX'^7:I^^^±^3MOs-LSI ^^F^fifef i tJT 
*>oiS«^t4oMfia^#S z: ^*JT- ^ So iNf(c. i Dig^^L S I ic^ 

^ So 

25 -r5&t)*>. ^®*^^ll^^ns b- h)K^|5igOD^Jg*s 5 c m-HilTT? 

fess iMOXit^xMCiMOS-LS I ^m^^ttnt. M^-W^ K) xim 
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h^K^Pimj^d^' 1 c in-HiLTt?fe -5 S I MO X iMT'tt. <t t) iS^S 
S D T-«|it4OSVMVI0 S - L S I SiSA^-^t So ^l^tc. ct bjem«L 

feffecD s 0 I a^s^c:^i5v^T ^i^fli-e^-So r^t)*). *M**e>^!^^n 

S t: y h^^mm^ifi 5 c m-HMT-efeS SOI ^tglciMO S - L S I 

) iz. D H^^n^ t: »y h^^mmmilfi l c m-H^LTT-^S SOI 

10 aiRTtt^ J; OiiS^S^ DT«M!^<Z)]iSVMyiO S -L S I^fia**T!#So 

®^^tL5t:\y hmS**5 cm-H:iT®S I M O X -^7 :&-^tf S O I 
15 S^£^fflV^n«. MO S - L S I ^itT-fiJffl^ns U V :7 ^ -ig 

<35i5o -eUTx CCDChttt:';' h^®*^ 1 c m-U^TT'$) S S 0 I 
25 ^«:^^*s^^$X*^^o 
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xa{-43V^T^^F^U^^^cg:oT{iYi^ LT. ±i£ti U J; ^ id. SOI 
t^O. 7 ~ 1 0 0 ^m^ro b- htti^^PfS i:^^ »3 , SOIS«±®LS 

?>i5mt{^x. SO imm^mj^T^mm(Dmi'diyv:nym^^<D. s 
o I mj^^ms&i- ^cD{zmt> ^m^(D^m^j&i!^ i x i o = c m-'aiT 

i: UT s I MO xs^s^-r s 0 imm^M^-r ^(Dizmt>^m. 

Miliii. U 3 >i^^®^®d»e, S I M O X ^:n>'\<7)^jg^fi|:{c J; o T 

^X(D^X:j^^JV^ — i^ 1 8 0 K e YX^XMH^ 4xl0^^cm-2® 
ii^tix f±A^ix*:^m^ :t >c7)«A?iJg^^{d: 0 . 4 3 5 /zmTfe>). 
aA1^®^^!lSxaT*ff^fi!c^ti5iS»3i^^fbiliiPtt 0 . 0 8 //mfcjfe ' 
t)> wtD^^. S 0 I^jit>£^$ggt-5C0tcMtoS^^(±s ifiSs =3 
>^m(ommtf'^^^ 0 . 5 1 5 umi^tif^L < . ^iz 0 . 5 jum^X 
(Dmmx$>?>Z tifim^ LVAo CKD^^P^CD^PiI^^** l x l O^cm-^' 
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1 0 

SO imm^mm.r ^mmcDrnm^y) :n y^^BcD^ soi:^ 
m^m0S.r^(Dizmt>^mi^(Dxmmmt^2 x i o*c m-u^iT-efen 
s o 1 mmmmmiizmimip (bm^^ n ^ t-^y h*t^^Pig®?&^*si^ 

c m-H:jlT 2i 55: 5 o 

1 X 1 O^c m-H:iTTfen{i^ S O I ^ji?gfi£^{3-e©««± 

{cff^^^nfeMo s - L s I m^i^M^m^ K)-^mmm\^^n-or: 

{3^©S|g±{cff$fig^HfcM O S - L S I i t»lRl±^-e-5c:i; 

AST-# So J; 15 i^*«L S I (3 /^^ U IS It - h^^M^^o 

t)5^^cD^|J(5?g^^ 1 X 1 0''cm-H:;lT^t-5c:i:{c<toT^ SI 

■) Moxff^fife^{z. -e©±{cff$fie^nfeMO s - L s I (D#t4:£iqi±^-B- 

J* 

2. d ^ So |5lfl|{c. S I MO X^KM^JF^^f SifiHuCDHU 

s I MO xflia^^B^-rnf^s ^<D±i,zmm.^tit^Mo s - L s I 

|qi±^-B-s:: # So 
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1 1 

a -r 5 CI ti^i^jg-c^ 5o. 

® >; n J: S^PTS) So dttd* S O I «ji*ff$fi£-r'?» 

D B«® U 3 >^^4'(Ci^S LT V^^cJ^-^, S 0 I Iti^^ff^fig-r SX^C 

bT s o iec^)^®M^{cm3i-r5o ^fc^ s o i ^ii^^Bfig-r siu 

CcijbHN-CfigfiiJ ^ff^UT^ ^®i?'(b-^iW^xa^o0'Jx.{^^-:?^t5fc 
15 ^-fb^-^So ^fe. C O P H:0iJx.{S)fe^a^^ffiMi^itl3 J: oT«iJ^^ 

n^wp\^-^ h MT-S) €) A^s cn^^'s o I ^jt^ff^fig-r s 

Cln^Of1^fflttl^•ri^cD;5^C J: i) S O I S^RC^h^T b ^ S 

ds. i^tc S I MOX ^^\x@-e{i^ K-XCD^^^' ;t>ffiAh^Mm 

25 ±IBS O I«3t^ff^fiet-5feto(Z)il$&Mi: bT^Di> U > ^i^^mR 



J 
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1 2 



^am^'tciijt^T 1 0 0 0 'Ci>jL± 1 3 0 0 "cuT-^ 1 mmiix±T=-—)i 

7;u^:^-S{cTfi£ft-r !3 . ^±{f MS:??* 0 . 8 

mm/'m i n JilT-e*) 5 i/^<£:fflV^t: <t V^o ^^tCs 
^ :3r — ^ICT i> U =1 >#ii^^^^a§f 5 3g«{3ibH^T . 12 0 0 

~ 1 0 0 0 "COifg^iaiSti^l^lz, i1f^MJS>?)^* 1 . 0°C/m i nJilTi:^ 

10 ^mmt^-at ^x'y^j^mi^-x!. ^m^\^±iff. m&^-^tz^ :y^^^^mm 

bT4)ctVAo ^fex ^l^tJi: bT^^S 1 X 1 0 a t oms/cm^ 

W±l X 1 0 ^«at oms/cmHilT^$tti>Ur]>e7:n/\:&^V^T 

15 S O I »^R^^J«-r?)C iiC J:oTs AtiteL S I ?£iS#Mi4^J#or 

tsieL s I ^Mmm^^^n-oxm^m-r^^ttfi-mmt^^o so im^ 

<D\^y h^^mt^'Pti:\,^ SOI SOI ^jt^^Bfifet" SBU®i^ U 

( 2 ) b: >4^-;i/^P(§ 

S 0 I SlS®il&!)3i5^^'fbM^ S 0 IJIOJP^ h b-C(i. SIMOX 
e7 :r>'\(DJl-^t:{i, iltoiiJ^^'fb;! bT 0 . 1 /zmtu^x * b < 0 . 
25 4 //inBU^®Ji^> SOI^ilbTO. 3 /umiiXf (DM^ (D i) (DiPm^^^ 
ibtl^o fifi O ffi4?)3i5^^'fb^{3 0 . 2x/m-'0. 
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1 3 

g^acQL s I ^^^l5cDii^^c^v^. s l uoxmrnt Lxit^ 

0 *^B^{C J; 5 S I MO X^lg^b b < {iliS D ^iD -BrStST-^) S O I * 

10 tRtzMo s - L s I ^Sfig-rnt^x i^ii^<4*j(S^g-rfiifi^^^xfca«)a 

15 -If >f 1 mm' ~ 1 c gJg-e^S c: ^ Jl^ii^^^-fbiKi^ > 

20 5 o ^ -Y K y: 'J 3J > t*' (7) U u >ii ^<Z) ^Jl <t S 5 o 

Clix*ss 0 I mM^mm-r^wiCDiy U rj V^gpl^C?^:^ bT V^fe«-a■^ 
S I MO X*lR^3i©il-&{3H:f±A^nfc^^-f ;t >(^^^ ;&fpl^^ t 



J 
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1 4 

fe^^fi<J55:i/ U n lyxjcli, ±M® 0 . 1 m J.:;^ ± © 1:^ ^ X © 
K 1 X 1 0 = c m-'^Jg. 0. 1 >£/mJU±©-y--l' XCO C O P *s 1 
O cm'aiSs #^E-r S e^nx v^ 5o c: © i o 3& U 13 y -t? x >'^ 

10 ^fflV^T S O I »tg*f^MbfcJ^-&tc{i. ±ai0^mc J; 0 filtoiiJ^^^ 

iMtosi^^-lbM^W-r § S O I ^ISOil^tcfi, h* 43 <t t>' C O P t 

20 it^miX±<Dm^X&^^tif>ios 0. 1 >amJ->^±c3D-t^^ Xi:-r-<^T' 
CCDV'-f X(D^^^ KZfeUf/^ fett COP b«:v>i^ 'J =J > -^7 ji/n 
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15. 
S I MOXaigSl3tffl{3(i 0 . 4 umiii±<Diy :=iy<D:^}:^m^. t) 

>'^^ffiV^T* J:V^o Sfc. U n > ^ x 5 p 

pmtiT®#:y:^#fflm'4'-e 1 0 0 0 •CW± 1 3 0 0 'CiilTT* 1 I^P^Jil 

5 ±T--;^Ufe^)£7)>^ffl^,^T^)j:^.^o ^fes U u > i: UT ^ 3 

8 mm/mi n J^JITT^ S U 3 >^!^g*^ -i? xyNJ^fflV^T ct 

3 v^Tx 1 2 0 0 ~ 1 0 0 0 °C(D5^s?a^^p«g(c?^ia3iieA^' 1 . o°c/m 

10 i nJiiTi:^5^i^A*-C-#5a;^^^f^^T-. # ±{f -e-fc 

y n >#^ffi*^ tjfifc'i; jcM^^jffl iv^o Sfc. ^M^iiUT^ 

1 X 1 O'-'a t oms/cmMi>l±l x 1 Q'^a t oms/cmHil 
T^tf 5/ U 3 > :t ffi V^ T <fc o 

SOI StgCDMi^lfe^tCOl^-r (i. ±iB® U n > 
15 ^C(i2|t{3|51^-rS'i:>gtt^l>o «ajx.{^ S I MO X«tSOMJi^^i^t-i3 
V^T{i^ lg*?iA5fe{4^i: bTJu5$«H 1 8 0 k e V~ 2 0 0 k e V/p'fi- 

>CD K — XMi: b-Ctts fifiJ^J^APi^mE 18 0k e V fe^-^ttx 
mMfi?J(i5tff4#l4<Dlij^*- ^{i 4 X 1 0 '^c m-^HU^x *)b<{il. 3x 
20 1 0 m-'' W±£D K — Xfi^ffllA §CD*s|IS bv> ^ 15 H Jit ® 

r n - ;i/ 13 -S # H m {i ^ 'fb 14 4) 1^ ^ -fb (4 T' ^ V ^ o 
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1 6 

10 ftICD;>J|%*s/J>;9:V^ S O I S O I >&?f^^r 5 BU® U =i > ijg 



15 JiiT{3:$:^B^©^#:0iJ*iJiBJ-r So 

1 ~ 2 X 1 O^c m-='T-$>^ -^7 A. Xmm&i^O. 2-1 x 

20 1 0 = cin-^-eSDi.'i7a:y\^;i/-rBs J; ^Rgmj^** 2 ~ 1 0 x 1 

*f bs Y±A:t^;U=3[^- 1 8 OkeVfCT K-XM 4 x 1 0 '^c m"^©^ 

^>^nXLX (^^^ ;t > tr-A 3 ) ifti^ijg^*^ ;^->tiAji 2 

^1 ^J^^ 1 3 5 0 'CT- 7 mmT~-Jl' LT S I M OX^^Si: 
25 bfeo ^§^i^feS I MOXa-feX-ti. S tojii^^'fbM 5 cD±gp{3 SOI 
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UT^Btditi^f S F P D(Flow Pattern Defect )(D|&Jg 3?P ^ 

SOI M 4*®{c 1 0 ~ 2 ofs c m-^m^(Dm^<Dmmi^ y h t^mm^ 

nfco 3:;\^;i/-rB tcJir S x/\t3 S I MO xaM^sff^gg 
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